The mutation was predicted to be highly conservative and to be deleterious by both PolyPhen-2 and SIFT.
INTRODUCTION
T he majority of blindness cases in children result from congenital cataract (OMIM 601547). Congenital cataract refers to lens opacity that occurs in the first year of life, with an incidence of about 1/10 000 to 3/10 000 [1] . Worldwide, more than 1 million children are blind because of cataracts [2] . Congenital cataracts occur independently or as part of multisystem abnormalities. Its most common pattern is autosomal dominance, but other genetic patterns have been reported [3] . Previous studies have reported a total of more than 200 genes or loci associated with cataract (Cat-Map) [4] . There are about 45 chromosome loci and 38 genes associated with non-syndromic cataracts [5] . About half of all inherited cataracts are caused by mutations in crystallins [3] . The order and stability of crystallin are key factors in maintaining lens transparency [6] . Some mutations in crystallin cause aggregation of mutant proteins that lead to congenital cataracts, which are usually monogenic diseases consistent with the Mendelian pattern. Other mutations, which increase the susceptibility of individuals to the environment, often contribute to the development of age-related cataracts, which are usually multifactorial [3] .
Other pathogenic genes of cataract have been reported, e.g. lens specific connexins, major intrinsic protein, paired-like homeodomain transcription factor-3, aquaporin-0, lens intrinsic membrane protein 2, avian musculo-aponeurotic fibrosarcoma, and beaded filament structural proteins-2 [6] [7] [8] [9] [10] [11] [12] [13] . [14] .
Verification of Variants
Sanger sequencing was carried out in two siblings and their children (II:2, II:6, III:3, III:7, III:10, III:12) to conform whether there were variants may participate in the disease process in FAMILY-1. DNA sequencing was further performed to screen the CRYBB1 gene in all individuals in FAMILY-1. Sanger sequencing was also performed on all individuals to verify whether the potential candidate variants detected by targeted NGS were co-segregated with the disease phenotype in FAMILY-2. Primers for flanking candidate loci were designed and synthesized. Each target fragment was amplified using Taq DNA polymerase (Takara, Dalian, China). Direct DNA sequencing was performed using the BigDyeTM Terminator v3.1 Cycle Sequencing Kit and the ABI PRISM 3730 Sequencer (Applied Biosystems Inc., USA). DNASTAR software package (DNASTAR Inc., USA) was used to align and analyze the sequences. The novel mutations of CRYBB1/CRYBB2 were also genotyped in 200 unrelated healthy controls Sanger sequencing. The Sanger sequencing method is the same as the above description.
RESULTS

Clinical Assessment and Findings
In this study, there were two Chinese pedigrees with an autosomal dominant inheritance pattern, both of which had congenital nuclear cataracts (Figure 1 ). FAMILY-1 was a four generation pedigree with 28 members, including 16 with congenital cataract ( Figure 1A ). FAMILY-2 was a three generation pedigree with 6 members, including 3 with congenital cataract ( Figure 1B) . The patients in these two families had similar clinical phenotypes, such as congenital nuclear cataract and nystagmus.
None of the two families had any other systemic diseases. The detailed clinical and ophthalmological findings of the patients of both families are shown in Table 1 .
Identification of CRYBB1/CRYBB2 as a Candidate Gene
Next, we aimed to identify pathogenic genes among 523 inheritable vision system-related genes by targeted exome sequencing (II:5 and II:1 in FAMILY-1 and 2, respectively).
BWA was used for data analysis as proposed previously [15] .
The average sequencing depth of II:5 (FAMILY-1) was 58.34;
72.21% of exon sequences were sequenced at least 10 times.
The average sequencing depth of II:1 (FAMILY-2) was 60.89, and 84.33% of exon sequences were sequenced at least 10 times. NGS data are summarized in Table 2 .
SNPs and indels were annotated, and filtered against 1000
Genome Project, the HapMap 8 database, the Single Nucleotide Polymorphism database, and the YH database. Since synonymous variants are unlikely to be pathogenic, we screened out nonsynonymous mutations (nonsense, missense and read-through), coding indels, and variants of splice donor and acceptor sites.
The filtered data are shown in Table 3 .
Sanger Sequencing to Verify the Candidate Gene CRYBB1/ CRYBB2 Sixty-two non-synonymous SNPs, 2 splicing sites, and 1 indel were selected by recommended filtering criteria Figure 2A ). This mutation was not found in 200 control individuals. The p.L116P missense mutation was generated by c.347T>C. Homology analysis of leu116 loci of CRYBB1 proteins in different species indicated that these loci were highly conserved ( Figure 2B ). SIFT forecasted the p.L116P missense mutation to cause a deleterious change in CRYBB1 function (Table 4) . Fifty-seven non-synonymous SNPs, 4 Splicing sites, and 1 indel were selected by recommended filtering criteria in FAMILY-2.
Only one SNP (Chr22:2562541) was co-segregated in FAMILY-2, in exon 5 of CRYBB2, a G>A change (c.355G>A, p.G119R; Table 4 , Figure 3A ). The mutation was not found in 200 control individuals.
The p.G119R missense mutation was generated by c.355G>A. Homology analysis of Gly119 loci of CRYBB2 proteins in different species indicated that these loci were highly conserved ( Figure 3B ). SIFT forcasted the p.G119R missense mutation to cause a deleterious change in CRYBB2 function (Table 4) . is highly conserved among the above species. and/or crystallin may cause lens opacity, resulting in decreased vision and severe blindness [16] . In the vertebrate lens, β-crystallins are found as homomers or heteromers, which are thought to be important in maintaining the optical properties of the lens throughout an individual's life [17] [18] [19] [20] . The new heterozygous c.347T>C mutation found in CRYBB1 (FAMILY-1), co-occurred with autosomal dominant cataract. CRYBB1 represents the main β-crystallin subunit, and accounts for about a tenth of human non-membrane crystallins [21] .
CRYBB1/CRYBB2 mutations and congenital cataract
The β-crystallin structure is considered to be critical in protein aggregation and orientation, with terminal arm loss altering their dimerization and causing cataract development [22] . Mackay et al [23] demonstrated that the G220X mutation in CRYBB1 is related to autosomal dominant cataract, likely disrupting the 4 th Greek key motif and destabilizing CRYBB1. Meanwhile, 3 CRYBB1 mutations related to autosomal dominance and/or autosomal recessive congenital cataracts were identified [24] [25] [26] . The new CRYBB2 (FAMILY-2) mutation found in exon 5 (c.355G>A, p.G119R) co-occurred with autosomal dominant cataract. A total of 3 additional CRYBB2 mutations were described, namely Q155X, D128V, and W151C, also destabilizing CRYBB [27] . Reports describing gene mutations related to congenital cataracts often use whole exome sequencing with linkage assessment among relatives [28] [29] [30] [31] [32] [33] ; alternatively, a specific gene is screened in more individuals [34] . A total of 100 patients with congenital cataract were assessed by exon sequencing of fourteen genes, and 18 variant genes were detected, including 14 involving crystallins [35] . In another previous study of 61 genes in 74 nonrelated patients, 32 sporadic congenital cataract specific SNPs were obtained in 29 cases, including 31 with a hetero zygous pattern [36] . The NGS approach was employed in the present work for the assessment of 523 documented inheritable vision systemrelated genes in two families. Heterozygous mutations were found in pedigrees 1 (CRYBB1, exon 4; c.347T>C, p.L116P) and 2 (CRYBB2, exon 5; c.355G>A, p.G119R), exclusively cosegregated with diseased family members, and not found in 200 control Chinese individuals. The CRYBB1 (c.347T>C) and CRYBB2 (c.355G>A) mutations in this study are not found in previous reports. In comparison with whole exome sequencing, target region sequencing presents several advantages in assessing SNPs in sporadic cases due to low cost and easy analysis. It should be noted that the present sequencing strategy cannot identify unknown genes. Overall, these findings provide new insights regarding the etiological features of congenital cataract.
